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Chapter 1
Introduction
The keyboard has transitioned from acoustic instruments (organ, harpsichord,
piano) to electronic instruments (synthesizers, samplers) to the modern standard interface
for producing music (MIDI controller for Digital Audio Workstations, or DAWs) over
the past 450 years (Pressing 1992). In particular, the onset of synthesizers in the late
1960s and 1970s brought entirely new sounds, textures, and timbres to commercial
music. These sounds expanded the boundaries of the keyboardist’s function, similarly to
the changes brought about by the emergence of the electric guitar with its wide range of
expressive devices and tone pedals. Armed with new possibilities, the keyboardists’ role
in song arrangements expanded. New timbres, sounds, and textures allowed the
keyboardist to function in numerous ways at any given time: background pads for thick
texture, sparkling synthesized “ear candy”, synth bass for extremely low pitches,
rhythmic stabbing synths, and more. In this paper, I explore many of these sounds and
discuss their impact on commercial music. I discuss three main aspects for each sound
used in my recital program: first, a brief history of the instrument; second, how the sound
contributed to the overall arrangement of the song; and third, a closer look at how that
sound could be replicated today to aid new keyboardists in recreating these iconic sounds.
It is essential that the modern keyboardist grasp the general history and evolution
of keyboard instruments over the last 450 years. Beginning with the harpsichord and
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clavichord in the fourteenth century, keyboard-based instruments began to grow in their
dynamic and timbral capabilities. The piano marked the next milestone in keyboard
development, which gave the performer larger dynamic control over each note (the full
instrument name is “fortepiano,” which means “loud-soft.”) The twentieth century saw an
immense increase in the experimentation and invention of new keyboard instruments,
from the Hammond B3 organ to the Fender Rhodes to early Moog synthesizers.
Synthesizers have been an integral part of commercial music since the early 1970s
(Jenkins 2007). The types of instruments used and the sounds that they generate have
only increased since that time (Vail 2000). For each of the instruments used in my recital,
I investigate the actual instrument used on the recordings by researching the keyboardist
who played on the record as well as their primary gear that they used on the recordings. I
also provide a brief overview of the specific instrument used, its features, and its function
in the industry.
A primary function of the modern keyboardist is to contribute thoughtfully and
skillfully to the overall arrangement of the song. Keyboards today have an incredibly
wide variety of sounds available to them, and each of these sounds can be used to
promote the arrangement. Each of the songs in my program included prominent keyboard
parts on the original recordings that contributed greatly to the commercial success of each
recording. The keyboard parts often functioned in various meaningful ways, including as
a lead rhythmic instrument, a prominent texture, background colors, or melodic hooks.
This paper examines the usage of each sound and how it contributed to the arrangement
of these very successful songs.
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The modern keyboardist must also be thoroughly well-versed in the skills needed
to replicate these iconic sounds, as well as having the ability to use those skills to create
new sounds. Today’s professional keyboard workstations are equipped with a variety of
sound generation tools, including additive synthesis, subtractive synthesis, wavetable
synthesis, frequency modulating synthesis, and sample playback (Jenkins 2007). It is
crucial for the modern keyboardist to understand these methods of sound generation in
order to capture the sound that he or she desires. For each of the sounds in my paper, I
discuss the parameters and settings that could be used to recreate the sound today,
including parameters such as ADSR, LFOs, cut off filters, oscillators, and more. These
recreations are primarily executed on a Nord Stage 3 keyboard. Research of the actual
settings used in the recordings has also been conducted by searching for interviews with
the musicians as well as through hands-on experience with the specific instruments (when
possible) to attempt to recreate the sounds.
This paper combines the knowledge and understanding of the history of keyboard
instruments, arrangement techniques, and the re-creation of iconic sounds in order to
equip the modern keyboardist to successfully function in the commercial music industry.
This paper will also demonstrate the enormous and lasting impression that the keyboard
has had on commercial music.

Chapter 2
Piano
The piano is the most well-known keyboard instrument of all time, and it is a
pinnacle of hundreds of years of mechanical development of keyboard instruments. Pipe
organs were among the first keyboard-based instruments with other instruments, such as
the harpsichord and clavichord, soon to follow. Prior to the invention of the piano,
keyboard instruments were largely mono-dynamic and therefore only capable of
producing one volume or dynamic level. Around the year 1700, Bartolomeo Cristofori
invented the foundation of what we now know as the piano, which was originally named
“fortepiano” (literally “loud and soft”). Although the production process and mechanical
precision has developed since the 1700s, the inner workings of the piano have remained
the same.
Six songs on my recital program use piano on the original recordings, and the
piano is the lead instrument on two of these songs. In both “Overjoyed” and “The Way It
Is,” the piano serves the same arrangement function of lead rhythmic, harmonic, and even
melodic instrument. The pianists, Stevie Wonder and Bruce Hornsby respectively, both
play full chords with rhythmic density appropriate to their songs. They also use the piano
as the main melodic hook instrument by doubling the vocal melody and playing
turnaround hooks. These two songs are excellent examples of using the piano as a lead
instrument. Another song on my program, “Fortune Smiles” by Keith Jarrett, features an
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extended solo piano introduction. In the 1971 recording, Jarrett plays the B section of the
tune repeatedly with many embellishments and rhythmic intensity before the band joins
in at the top of the song form. During the sections that follow, Jarrett drops back to
textural comping while the band plays the main melody.
The next two songs on my program that feature the piano are “September” and
“Sing A Song” by Earth, Wind & Fire. As with “Overjoyed” and “The Way It Is,” the
piano serves the role of lead harmonic and rhythmic instrument during the verses of the
songs. However, unlike “Overjoyed” and “The Way It Is,” the piano does not cover any
melodic functions. Instead, the piano remains in the mix as a texture when not providing
harmonic content during the verses.
The final song on my program that employs the piano is “It’s Not All About You”
by Lawrence. Clyde Lawrence uses the piano uniquely in this song by playing primarily
unison lines with the bass and other instruments, generally in the piano’s lower octaves.
This use of the piano causes it to function more like the bass guitar as a rhythmic and
driving instrument. The most unique aspect of Lawrence’s piano part is his use of a
compression effect on the piano. Compression flattens a signal’s volume level by
boosting the quiet parts and softening the louder parts. When used to an extreme,
compressors can also artificially remove the natural attack and decay of an instrument.
Lawrence’s use of compression alters the piano’s sound to be more like the bass guitar’s
sound, which is the instrument that it doubles throughout most of the track. This
alteration extends the piano texture through the bass guitar’s sustained notes, which
creates a unique sound throughout the song.
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The replication of a piano sound in the modern commercial keyboard world is
different from the replication of the other instruments discussed in the following chapters
of this paper. Piano sounds in keyboards play back recorded samples of real pianos, and
the keyboardist usually has limited options when modifying these samples. However,
certain setups allow for more detailed modifications to the sound. Three main setups exist
for recording and playing piano. These setups include playing a real piano (recorded
using microphones), playing electronic keyboards, and playing virtual instruments
through MIDI and computer software. Each method has distinct advantages and
disadvantages in both studio and live performance settings.
Properly recording a real acoustic piano is the most effective method of capturing
the nuances of the piano’s sound. Microphones can record every overtone and
mechanical sound (including pedal noise) on the instrument. Unfortunately, using an
acoustic piano in a live performance setting can be quite difficult. The number of
microphones allotted for the piano in live performances is usually limited, and many
acoustic sacrifices must be made in order to avoid feedback in the sound system (closing
the piano lid, applying effects to the signal, etc.). Athough it is possible to mic an
acoustic piano for a live performance setting, using a high-quality keyboard is often
preferred in order to avoid feedback and to simplify amplification.
Keyboards with built-in piano samples have the distinct advantage of offering a
zero-feedback and zero-noise signal for live performances. High-quality keyboards will
often sound as good or better than an acoustic piano during live performance due to the
difficulties and complexities of amplifying acoustic pianos. In addition, the keyboardist
may apply various effects to the piano sounds such as delay, chorus, compression, and
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equalizers. When recording in the studio, however, keyboards do not offer as “real” of a
piano sound as can be achieved by properly recording an acoustic piano. Keyboards are
limited to stereo signals, whereas any number of microphones may be used on an
acoustic piano. Electronic keyboards are also limited by the number of velocity layers,
sample size, overtone algorithms, voice polyphony and more. Because of the simplicity
of amplification and available effects, keyboards are well-suited to live performance
settings but lack the nuances of recording when compared to an acoustic piano.
The third option for producing piano sounds for both recording and live
performance situations is the virtual instrument. Virtual instruments (VIs) are often
extremely large and complex sound libraries with thousands of samples that provide
substantially more realism and accuracy to the original instrument than built-in keyboard
sounds. High quality VIs are capable of replicating an immense range of recording setups
pertaining to the exact piano from which the library was created. These setup options
include the ability to adjust lid positioning, mic positioning, room noise and
reverberation, room size, listeners’ perspective, and more. This precision comes at the
cost of digital storage size: VI piano libraries are often in excess of one hundred
gigabytes of storage and require a very powerful computer to process the data. Due to the
limited storage capacity and the possible unreliability of computers, VIs are not generally
used for performance scenarios. VIs excel in controlled recording environments, such as
home studios, and their relatively low cost (usually ranging from $100-500) is affordable
for the average user.

Chapter 3
Fender Rhodes and Wurlitzer Electric Piano
The Fender Rhodes piano and the Wurlitzer electric piano are both
electromechanical keyboards. Both instruments use mechanical elements to generate
sound and electronic elements to amplify that sound. Because of these similarities, their
respective sonic qualities are somewhat similar, although each instrument has its own
unique and defining characteristics. The Rhodes piano (hereafter referred to as Rhodes)
uses hammers to strike thin metal tines, and a pickup system converts the sound into
electricity and transmits it to external speakers for amplification. The sound of a Rhodes,
like an electric guitar, can be heard at very low volume without amplification. The
Wurlitzer piano (hereafter referred to as Wurlitzer) uses hammers to strike metal reeds
that induce electrical current into its pickup system. Unlike the Rhodes, a Wurlitzer
cannot be heard without amplification. The specifics of both instruments will be
discussed in more detail throughout this chapter.
The Rhodes was invented by Harold Rhodes to aid in soldiers’ recovery from
World War II, and the instrument saw great commercial popularity starting in the 1970s.
The Wurlitzer was invented by Benjamin Miessner in 1954 and was produced over the
span of thirty years. The Wurlitzer was most commonly used as a portable replacement of
an acoustic piano for traveling musicians, which eliminated their need to rely on the often
poorly-maintained pianos owned by the venues.
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My recital program features a Rhodes on four songs and a Wurlitzer on one song.
The Rhodes is used on “Rock With You” and “P.Y.T.” by Michael Jackson, and “Isn’t
She Lovely” and “I Wish” by Stevie Wonder. The Rhodes functions very similarly in
each of these songs by providing harmonic texture comparable to that of a synth pad. The
keyboardists mostly played sustained chords that allowed the full tone of the Rhodes to
ring. In “P.Y.T.,” the Rhodes can also be heard following the rhythmic pattern of the
band during the choruses of the song. These shorter, louder notes punch clearly through
the mix. Stevie Wonder plays all keyboards, including Rhodes, on his hit songs “I Wish”
and “Isn’t She Lovely.” Wonder played sustained chords in “Isn’t She Lovely” as
similarly used in the Michael Jackson tunes. The unique element of Wonder’s playing on
“I Wish” is the doubling of the bass guitar line, adding the Rhode’s special timbre to the
repeated riff. He also adds rhythmic interest with short percussive chords throughout the
song.
In “Shining Star,” the biting tone of the Wurlitzer is heard very clearly
immediately following the introduction by the electric guitar, and the same musical figure
is played throughout the first verse. The keyboardist uses the Wurlitzer as a rhythmic
accompaniment to the overall funk groove with a short, repeated figure. The chorus of
“Shining Star” also highlights the Wurlitzer’s unique tone, which is placed in the right
side of the stereo field.
Authentically replicating a Rhodes or Wurlitzer in the modern keyboard era is
straightforward with professional-grade keyboards and virtual instruments. As discussed
in the piano chapter, the most authentic sound will come directly from the real
instrument. However, digital alternatives in keyboards and virtual instruments are
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abundant and feature extremely detailed sound samples that provide high-quality
replication.
Rhodes and Wurlitzer virtual instruments are less complex to create than acoustic
pianos because they do not require microphones to capture the sound: the built-in
pickups, an important quality to their respective sonic characteristics, transmit the signal
directly to recording interfaces for sampling without the factors of room size, acoustics,
and more being taken into account. Because of the increased simplicity of sampling,
Rhodes and Wurlitzer virtual instruments are more widely available and largely highquality by nature. An important element of professional-level sound libraries is the ability
to adjust the settings and effects originally found on these instruments including vibrato,
tremolo, and tone. The ability to adjust these parameters is essential in order to accurately
replicate the instruments and should be desired when choosing a keyboard or virtual
instrument to replicate either instrument.
Professional keyboards (such as the Nord Stage lineup) feature exceptional highquality samples of various models of Rhodes and Wurlitzers. These samples include
many “velocity layers” which allow the player a wide range of dynamic articulation. For
example, an instrument with five velocity layers means that each key of the instrument
was recorded at five different dynamic levels, while an instrument with eighteen velocity
layers includes eighteen recordings per key, which allows much more precise dynamic
control. Additionally, the previously mentioned effects, such as vibrato and tremolo, can
be applied to these samples within the keyboard as originally found on the real
instruments. These factors, combined with practiced articulation and technical ability, all
contribute to creating an accurate representation of the original Rhodes and Wurlitzer.

Chapter 4
Clavinet
The Hohner clavinet is an electromechanical keyboard instrument that debuted in
1964. The instrument produces sound by striking strings with metal blades similarly to
the action of an acoustic piano. However, the metallic nature of the blades exaggerates
the attack of notes played: the harder the keys are struck, the more attack is heard and
greater volume is produced. All sounds are amplified by pickups inside the clavinet and
transmitted to external amplifiers for a more usable volume level. The sound of a clavinet
is most often compared to an electric guitar. It is capable of both cutting through the mix
with melodic phrases and of laying down a funky rhythmic foundation. The clavinet is
also the rarest instrument discussed in this paper. It is estimated that about 25,000
clavinets were produced between 1964 and the late 1980s, which equals approximately
seventeen percent of the number of Rhodes electric pianos ever manufactured (Lenhoff
2019). Hohner produced multiple versions of the clavinet during this time frame. Stevie
Wonder used the Clavinet C on his famous hit “Superstition,” a song that is forever
associated with the clavinet.
Three songs make use of a clavinet on my recital program, and each employs the
clavinet in a very similar function. “Coffee Break is Over” by Dirty Loops and
“Superstition” and “Higher Ground” by Stevie Wonder all use the clavinet as the driving
harmonic and rhythmic force. Dirty Loops’ keyboardist, Jonah Nilsson, plays a clavinet
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sound for the song’s verses, during which the clavinet is the only harmonic instrument
present. Nilsson revolves around a two-bar riff played in a short, detached manner, and
this riff locks into the drum pattern and bass line to form a cohesive funk/rock groove.
However, Stevie Wonder preceded Jonah Nilsson by many decades in using a clavinet as
a primary instrument, and he is, perhaps, the artist most associated with the instrument.
“Superstition” is the most widely recognizable use of a clavinet in recorded music
(Lenhoff 2019). The opening riff of the song immediately following the four-bar drum
introduction is the most iconic example of a clavinet. Wonder recorded multiple layers of
clavinet throughout “Superstition” to create an intricate mix of rhythms. Some added
effects, such as delay and reverb, can be heard on the record, but otherwise the sound is a
fairly untouched clavinet model C (released in 1968). “Superstition” was released in
1972, and the following year Wonder released “Higher Ground” which also featured his
clavinet. Another highly recognizable two-bar riff starts the song and is maintained for its
entirety. Stevie Wonder elected to process the “Higher Ground” clavinet through the MuTron III filter pedal, known as the world’s first envelope-controlled filter (Lenhoff 2019).
This “wah” sound was used by many funk musicians and has remained a signature sound
since the 1970s. Both “Superstition” and “Higher Ground” are iconic examples of the
clavinet being featured in commercial music.
In the modern keyboard world, creating a high-quality replication of the clavinet
is slightly more challenging than replicating pianos, organs, and other synths. In the
consumer-level keyboard industry, clavinets are not highly sought after as part of the
digital keyboard. When these consumer-level keyboards do include a clavinet sample,
they are often extremely limited in expressive range and tonal quality. The best clavinet
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samples are currently found in Nord keyboards or, in virtual form, from companies such
as Waves Plugins. These professional methods of replication include details such as the
ability to emulate the various pickup selection options and timbre.
Several factors are important when considering how to replicate a clavinet. The
first important element to consider is amplification. The original clavinet instrument was
created with the intention of being amplified, and the amps that were used often had their
own tone settings and adjustments. Intentional use of an amp (or digital replication of an
amp) is essential to replicating a clavinet. Additionally, processing effects such as wah,
chorus, reverb, delay, overdrive, and more are frequently paired with the clavinet to
create a sound that emulates an electric guitar. The final and perhaps the most important
aspect of replication is the keyboardist’s technical ability, skill, and execution. Similarly
to the piano, the clavinet is capable of dynamic contrast. However, playing harder is not
only equivalent to more volume. A greater dynamic-to-tonal contrast exists in an
amplified clavinet than in an acoustic piano. The keyboardist’s touch is crucial to
generate the desired tone and articulation. A clavinet will respond very differently than a
piano when played with extremely detached staccato notes, producing a tone that “bites.”
The clavinet is also capable of greater sustain than an acoustic piano due to the electronic
pickups amplifying the signal. The player must also increase focus on their articulation
due to the lack of a sustain pedal on a real clavinet. The choice of amplification,
processing effects, and articulation are extremely influential to the authentic replication
of a clavinet.

Chapter 5
Hammond B-3 Organ
The Hammond B3 organ is the most common model of organ used in commercial
music. Mark Vail states that “. . . the Hammond tone-wheel organ, epitomized by the B3, is the most loved, respected, and recorded keyboard instrument – outside the acoustic
piano – in history” (Vail 1997). The Model B-3 was first manufactured by the Hammond
Organ Company in 1954 and remained in production until 1975. B-3s that were produced
during this timeframe are now considered to be the original Model B-3. In the late 1990s,
Hammond released portable versions of the B-3, and in 2002, Hammond re-released the
original B-3, with one small but crucial difference: the inclusion of digital technology.
The first B-3s were electromechanical and used electricity to move physical parts called
tone-wheels to produce sound. B-3 organs that were produced after 2002, however, began
reproducing the sound digitally, which cut down manufacturing costs and reduced
product weight (Hammond Company n.d.). Although tonal qualities between the
electromechanical vintage B-3s and newer digital B-3s are extremely similar, if not
indecipherable, understanding the mechanical differences between iterations is essential
when purchasing the instrument and replicating its sound.
The Hammond B-3 did not achieve the fame for which it is now credited on its
own. Another essential invention was almost always paired with the B-3 to give it the
sound it is known for today: the Leslie speaker cabinet. Developed by Don Leslie, this
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110-pound cabinet employs a speaker assembly that rotates at various speeds to apply a
doppler effect to the B-3’s otherwise static sound. The rotational speed can be adjusted
during performance, which gives the B-3 a large range of expressive abilities.
Two songs on my recital program use the B-3 organ. The first is “It’s Not All
About You” by Lawrence. Clyde Lawrence orchestrates the keyboard parts for “It’s Not
All About You” with great precision and detail, forming the majority of the harmonic
content with only keyboards. The B-3 plays a small but significant role in the
arrangement of this song. One may not notice the presence of a B-3 during the first few
listens to “It’s Not All About You.” The first entrance occurs at 1:47 on the original
record and it is very faintly audible in the left side of the mix. More noticeable is the
glissando slide down which occurs at 1:51. Throughout the rest of the track, Clyde
Lawrence uses the organ in similar ways, often sliding into or out of the downbeats of
phrases or sustaining single, very high notes for many measures at a time. The slides into
and out of phrases help to accentuate the form of the song and arrangement by adding
emphasis to these phrases. Sustained, higher notes add extra energy and vibrance to the
arrangement. Both playing methods contribute to the overall arrangement by further
elevating the end of the song.
To successfully replicate a B-3 sound, the keyboardist must understand the
function of the organ’s drawbars, which are the foundation of creating organ tones. These
drawbars, which are physical sliders on a real B-3, control which overtones are heard
when a note is depressed. For example, in Figure 1, the drawbars are all the way down,
which indicates that all overtones are sounded at full volume. Figure 1 indicates which
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harmonics or sub-harmonics are being sounded for each drawbar when middle C is
played.

Figure 1. B-3 Harmonics (Hammond Organ Company User Manual)
Figure 2 shows a replication of the organ sound for “It’s Not All About You” on a
Nord Stage 3 with standard drawbar controls and vibrato added. Additional “percussion”
effects are available to add punch and attack to the sound. However, due to the high range
of the organ part in this song, the percussion effects were not needed because they are
most noticeable when the middle and lower registers are played. As shown in Figure 2,
not all of the harmonics were needed to replicate the sound of the organ in this song. The
tone of this organ can be described as thin and slightly nasal sounding. The Leslie rotary
speaker remains on the fast speed for most, if not all, of the song.
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Figure 2. “It’s Not All About You” Organ
The second song that features an organ on my program is “Coffee Break Is Over”
by Dirty Loops. Unlike “It’s Not All About You,” “Coffee Break Is Over” uses the organ
as a primary instrument: it is one of two harmonic instruments on the record (the other is
a clavinet), and it is also the lead melodic instrument for most of the song (choruses,
bridge, and solo section). The organ is extremely rhythmically active. Jonah Nilsson who
plays keyboards in Dirty Loops, has mastered the technical ability of playing very
staccato chords in quick succession without straying from the grid of sixteenth notes.
Nilsson also demonstrates a thorough improvisational skillset during the solo section that
follows the bridge of “Coffee Break Is Over.” The main functions of the organ in this
arrangement are to project the melody clearly over the bass and drums and to solo for an
extended period of time.
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Figure 3. “Coffee Break Is Over” Organ
Figure 3 shows the parameters used to replicate the organ tone for “Coffee Break
Is Over.” Percussion effects are in full use, which gives the midrange a bite and punch to
Nilsson’s comping patterns. The Leslie speaker is generally moving at a slower pace,
with periodic switches to fast rotation during the solo section.
The B-3 organ is a highly effective and energetic instrument and is capable of
producing over 134 million unique tones using only the drawbar combinations. However,
this tonal freedom can be daunting to navigate when seeking to replicate a sound. There
are three important steps to replicating B-3 sounds effectively. The first step is to
understand the timbre and tone of every drawbar and effect available by repeatedly
experimenting with and taking detailed note of the sounds that are created by each one.

19
The second step is to listen extensively to the sound to be replicated and to strive to grasp
every nuance of the sound’s texture. The final step is to merge the first two steps: use the
tools available (drawbars and effects) to recreate the sound from the ground up.
Successful replication will occur much more quickly when the keyboardist fully
understands how each drawbar and effect changes the sound and fully comprehends the
target sound and its tonal qualities.

Chapter 6
Synthesizers
The first synthesizer was invented by Harry Olson and Herbert Belar in the 1950s
under the Recording Corporation of America (RCA). This instrument was enormous,
somewhat limited in its synthesis abilities, and it relied on hundreds of vacuum tubes and
mechanical punch cards to create sound. Throughout the late 1950s and early 1960s,
more synthesizers were created and the instrument began to increase in popularity.
Robert Moog created the Moog synthesizer and debuted the instrument in 1964. Moog is
credited with inventing the foundational elements of analog synthesis, and the Moog
synthesizer is considered to be the first commercially viable synthesizer. A huge growth
in digital synthesizers occurred in the 1980s with the release of the Yamaha DX7. The
DX7 is the best-selling digital synthesizer of all time with over 200,000 units sold. Many
models of synthesizers have been created and used by numerous popular artists, and each
instrument relies on the same methods and concepts of creating sound.
The methods of sound synthesis are numerous and can be extremely complex.
Because of this complexity, many books and sources have explored each method and its
finer details in great length. Rather than discuss individual synthesizer instruments in
detail, this chapter focusses on the most common method of sound synthesis used in
today’s modern keyboard instruments — analog synthesis — and relates it to popular
keyboards. Discussion of the various musical uses of these sounds are also included;
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additionally, the pertinent tools, controls, parameters, and concepts are expounded upon
as they relate to modern keyboards. A few other notable methods of synthesis are also
referenced. One may determine their own keyboard’s synthesis method(s) by referencing
the owner’s manual or product description.
The core foundation of analog synthesis begins with waveforms. A waveform is a
generated electrical signal that oscillates back and forth to create sound. The shapes of
these waveforms affect the sound that is heard when amplified through a speaker. Many
variations of waveforms have been created, each deriving from four main waveforms:
sine, square, triangle, and sawtooth. These four waveforms are named from the shape that
they resemble when shown on a graph, as seen in Figure 4.
Sawtooth
Triangle
Square
Sine

Figure 4. Four Basic Waveforms
Each of these waveforms has a distinct and unique sound which is corelated to the
harmonics and overtones that are generated by the waveforms. The sine wave is the most

22
basic waveform. It is a pure tone with no harmonics or overtones and the only pitch
generated is the fundamental frequency (for example, 110Hz, A2 on the piano).
Harmonics are frequencies that are whole-number multiples of the fundamental
frequency (220Hz, 330Hz, 440Hz etc.). For example, the triangle and square wave
generate odd-number harmonics along with the fundamental frequency — if the
fundamental frequency is 110Hz, the third (330Hz), fifth (550Hz), seventh (770Hz) etc.
harmonics are generated All of these waveforms can be used, often in combination with
each other, to generate the desired sound in a synthesizer.
Once the desired tone is created with the desired waveform (or mix of multiple
waveforms,) the next important step in the synthesis process is to shape the sound with an
ADSR modulator. This device modulates or controls the level of signal produced across
time with four main parameters: attack, sustain, decay, and release (ADSR). The graph of
this function is shown in Figure 5.

Figure 5. ADSR Envelope
Each value is usually measured in milliseconds (ms). Attack indicates how much time is
required for the sound to reach full volume. The value of decay begins after the attack has
finished and indicates how long the sound softens before reaching its next value, sustain.
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Sustain determines how long (and how loud) the sound may continue to be generated,
and the release value determines the time needed for the sound to fully stop after the key
is released. If the key is released during or prior to any of the first three parameters, the
ADSR modulator immediately moves to the release phase. ADSR modulators are often
referred to as amplification (amp) envelopes because they control the amplitude of a
given signal (like an envelope opening and closing). Amp envelopes allow for the given
tones to be extensively shaped as punchy, percussive, smooth, legato, and more.
Once the waveform(s) are generated and the sound is processed through the amp
envelope, the next crucial element of synthesis is the frequency envelope. The frequency
envelope controls the levels of frequencies generated across the audible spectrum by the
sound source — in this case, the waveform(s). This control is achieved using frequency
filters. A few of the most common frequency filters are shown in Figure 6.

Figure 6. Filters
These graphs represent amplitude (y) over frequency in hertz (x). The crucial parameter
within a frequency filter is the cut-off. The cut-off is assigned to a frequency value and
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used to determine where the filter begins to take effect in the frequency spectrum. For
example, a low-pass filter with a cut-off at 1,000Hz allows all frequencies below 1,000Hz
to “pass” and begins to attenuate (or lower) the amplitude of frequencies above 1,000Hz.
A high-pass filter allows frequencies above the cut-off point to pass and attenuates the
frequencies below the cut-off point (the opposite of a low-pass). Band-pass and band-stop
contain two cut-off points and these points either allow (band-pass) or stop (band-stop)
frequencies within that range to be heard. All filters reduce frequencies using their
parameter of a cut-off point; however, filters do not add level to any given signal — they
only remove unwanted frequencies. This concept is a key component of subtractive
synthesis: waveforms produce sound across the entire frequency spectrum, and that sound
is processed and subtracted from in order to create the desired outcome. Subtractive
synthesis is the most common form of sound synthesis due to its relative simplicity.
Other forms include additive, frequency modulated (FM), and wavetable synthesis.
A few other factors are important to consider when creating a sound that are
particularly relevant when purchasing a synthesizer. Choosing an analog or a digital
instrument is an important choice and each has advantages. A truly analog instrument
relies on physical knobs, buttons, and switches to control its various parameters and,
because of this, analog instruments are often very limited in their ability to save and
recall a specific setting or program. Digital synthesizers rely on carefully-constructed
algorithms to recreate the analog waveforms and process them with digital replications of
the previously-mentioned elements such as amplitude and frequency envelopes. The
digital technology allows the instruments to save, recall, and modify settings with great
ease at the sacrifice of the “authentic” analog sound that is created without digital aid.
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The sound produced digitally and the sound produced by analog are, in reality, extremely
similar when using a modern professional digital synthesizer. Because of this level of
quality, a digital synthesizer is most commonly used when touring or playing in live
performance settings. Analog synthesizers offer a more in-depth and nitty-gritty approach
to synthesis; as a result, these instruments are still found in studios and in personal
collections.
Synthesizer polyphony is another important feature to consider when purchasing a
synthesizer. Synthesizers are either monophonic or polyphonic. Monophonic synthesizers
can create sound for one single note at any given time. If another note is played (or
multiple notes), the synthesizer generates sound for the last note pressed. Polyphonic
synthesizers are capable of producing sound for multiple notes simultaneously, and the
number of notes available is given as a voice count (two-voice, eight-voice, sixteen-voice
etc.). Playing a monophonic synthesizer requires additional focus to the keyboardist’s
touch, but also allows the keyboardist to play in ways that are not possible with
polyphonic instruments. Most modern synthesizers are capable of both monophonic and
polyphonic sound generation, and the ability to switch between modes is a greatlydesired feature.
Synthesizers can produce a very wide range of sounds, textures, timbres and sonic
qualities. The effective use of a synthesized sound in a song’s arrangement can contribute
greatly to the success of that song. My recital program features many types of
synthesizers, and each can fall into one of four categories: synth leads, synth pads, synth
basses, or rhythmic synths.
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Synth leads are, first and foremost, sounds that are designed to cut through the
mix of the song. However, synth leads do not necessitate a harsh or piercing sound — the
sound may be soft and smooth, but it is played in a frequency range that no other
instrument occupies. These sounds are usually played as single-note lines and melodic
hooks and can become as iconic as any guitar riff — the opening synth lead line to
Michael Jackson’s “Rock With You” is an example of both a smooth synth lead that cuts
through the mix as well as an iconic riff or hook. A synth pad is most often used to
describe an underlying texture that follows the song’s harmonic progression with a thick
and generally warm sound. These sounds are almost always played as full chords that are
sustained and connected to each other in a legato manner. Synth basses are similar to
leads in that they are predominately single-note lines, but differ in that they are played in
the bass frequencies. These synth basses often function as a substitute for the typicallyused electric bass guitar and are played in a similar fashion. Certain technical abilities are
allowed a synth bass that a bass guitar cannot replicate, such as indefinite pitch bending,
monophonic pitch alternation, and pitch-gliding between notes.
Another category of synthesized sound to consider is that of a rhythmic synth.
This broad category includes a variety of sounds and functions, each with its own
inseparable rhythmic element. For example, the chordal synth sound heard on Michael
Jackson’s “Billie Jean” is a rhythmic synth — although the sound’s texture resembles a
pad, it is played in a short and detached manner, removing it from the synth pad category.
The sound’s defining characteristic is the rhythmic ostinato, placing it firmly into the
rhythmic synth category.

27
The synthesizer is one of the most versatile instruments that exists. It can produce
a wide range of sounds and textures by combining waveforms with amplitude and
frequency filters. These sounds can be used to serve a the arrangement of a song in many
ways including as a lead instrument, pad, bass, or rhythmic element. The modern
keyboardist has a wide variety of synthesis options available, each with its own unique
sound and history. An understanding of sound synthesis is crucial for the modern
keyboardist.

Chapter 7
Conclusion
The keyboard is an essential component of the commercial music industry as we
know it today. A wide variety of keyboard instruments are heard on some of the most
popular songs and are played by some of the most popular artists. The piano, B-3 organ,
clavinet, Fender Rhodes, Wurlitzer electric piano, and the synthesizer are the most
prevalent keyboards in commercial music. Each instrument has unique sonic qualities and
arrangement functions. The modern keyboardist must be knowledgeable of each of these
foundational instruments and their history, operation, and usage. By combining this
operational knowledge, the ability to create and recreate sounds, and relevant technical
skills and musicality, the modern keyboardist remains a crucial element to commercial
music.
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Appendix

Recital Program
-

-

-

-

-

“Coffee Break Is Over” by Dirty Loops
Michael Jackson Medley
o “Rock With You”
o “The Way You Make Me Feel”
o “Billie Jean”
o “P.Y.T. (Pretty Young Thing)”
o “Man In The Mirror”
“It’s Not All About You” by Lawrence
EWF Medley
o “Shining Star”
o “Let’s Groove”
o “Sing A Song”
o “September”
“Chameleon” by Herbie Hancock
Stevie Wonder Medley
o “Superstition”
o “I Wish”
o “Isn’t She Lovely”
o “Overjoyed”
o “Higher Ground”
“The Way It Is” by Bruce Hornsby
“Fortune Smiles” by Keith Jarrett
Pop Medley
o “I Wanna Dance With Somebody” by Whitney Houston
o “My Heart Will Go On” by Celine Dion
o “Love On Top” by Beyonce
“Follow The Light” by Cory Wong and Dirty Loops
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